By using the generalized Stroh formalism, the electric-elastic eld induced by a straight dislocation parallel to a periodic axis of a one-dimensional quasicrystal is obtained. The derivation is concise and the solution is in an exact closed form. As an illustration, the electric-elastic elds around a straight dislocation in a one-dimensional hexagonal quasicrystal are studied. Besides the interesting numerical results presented, the generalized Stroh formalism can be applied to more complicated dislocation problems in quasicrystals.
Introduction
Since the discovery of quasicrystals (QCs) around 1982 [1] , structural, electronic, magnetic, thermal and mechanical properties of the QC matter have been investigated intensively. In QCs, there is not only a phonon eld which is related to the translations of atoms (standard elasticity), but also a phason eld which is related to rearrangements of atomic congurations. The elasticity of QCs is described by the generalized elastic theory established by Ding et al. [2] that has been proved to be a powerful and important tool to study the mechanical behavior of QCs. Expressions of physical properties of QCs, such as elasticity, thermal expansion, and piezoelectricity tensors have been obtained in [3] and [4] .
Studies of dislocations in QCs have attracted exten-
sive attention because of their importance not only in QC structural studies but also in understanding many of their physical and mechanical properties. So far, analytical expressions for dislocation-induced elastic elds in many QCs have been derived by methods including Green's function method [5] , Stroh eigenvalue method [6] , Eshelby method [7] , and displacement function method [8] .
Up to now, however, analytical solutions of dislocations in piezoelectric QCs have not been reported in literature. This paper utilizes the generalized Stroh formalism to obtain the electric-elastic eld induced by a straight dislocation which is parallel to a periodic axis of a one--dimensional (1D) hexagonal QC. As an illustration, numerical results of the induced electric-elastic eld are presented and analyzed.
Basic equations
A 1D QC is dened as a three-dimensional body where its atom arrangement is quasi-periodic in the x 3 -axis and periodic in the x 1 x 2 plane referred to a coordinate system (x 1 , x 2 , x 3 ). The polarized direction in the QC is assumed along the x 3 -axis. * corresponding author; e-mail: gaoyangg@gmail.com Within the theory of elasticity of 1D QCs [2] , displacements are denoted as u i (i = 1, 2, 3) in the phonon eld and w 3 in the phason eld, both of which depend on the coordinate in real space. The linear electric-elastic coupled constitutive equations [4] of the 1D QCs can be written as
, repeated indices imply summation and a comma stands for dierentiation. C ijkl and K jk denote the elastic constants in phonon and phason elds, respectively, d ijk the phononphason coupling elastic constants, e (1) ijk and e (2) 3jk the piezoelectric constants in phonon and phason elds, respectively, κ jk the permittivity constants, and ϕ the electric potential. In the following formulation, lowercase subscripts will always range from 1 to 3, and uppercase subscripts from 1 to 5.
In the absence of body sources, the equilibrium equations in the piezoelectric QC materials are
where σ ij , H 3j and D j denote, respectively, the phonon stresses, phason stresses, and electric displacements.
Following the same approach as in magneto-electro--elastic media [9] , the basic Eqs. (2.1) to (2.3) can be combined by using the generalized eld quantities. First, we introduce the generalized displacement vector as 4) where the superscript T stands for the matrix transpose. Then, we dened the 5×3 generalized stress tensor
Finally, the generalized material properties are dened as:
With these generalized quantities, Eqs. (2.1) and (2.3) can be rewritten uniformly as
σ ij,j = 0. We assume that the dislocation is innite long along x 2 direction so that the generalized stresses and displacements are independent of the x 2 -axis. Since all eld variables are only dependent on x 1 and x 3 , Eq. (2.8) can be rewritten as can be transformed into
where Q, R, and T are 5 × 5 real matrices dened by the material constants as
The general solutions for u and φ can be assumed as u = af (z), φ = bf (z), (3.5) where z = x 1 + px 3 , f is an arbitrary complex function of z, a and b are unknown vectors and p is the eigenvalue, to be given below. Inserting Eq. (3.5) into Eq. (3.3), the relation between b and a is found to be
Then, using Eq. (3.6), Eq. (3.1) can be recast into a 10 × 10 linear eigensystem
where where
The eigenvector matrices A and B satisfy the following normalization relation: Up to this point, the dislocation problem in 1D QCs reduces to the determination of the complex vector function f under certain given boundary conditions. This is done below for the given dislocation problem. However, before presenting our numerical example, we introduce the following three important matrices:
(3.14)
We remark that, by following the same approach in elastic and piezoelectric media [12, 13] , these three matrices are all real.
Generalized solution for a straight dislocation in a 1D QC
The Burgers vector in 1D QC is dened asb ⊕b Extending the solutions for dislocation problems in elastic and piezoelectric materials [12, 13] to 1D QC, the closed-form solutions for the displacement vector, stress function vector can then be found as
, θ is the angle so that x 1 = r cos θ and x 3 = r sin θ. The matrices S, H, L in Eq. (3.14) can now be expressed as functions of θ, as S(θ), H(θ), L(θ) which are dened as:
Re B ln (cos θ + p * sin θ) B T .
(4.5)
In Eq. (4.5) p * is dened as: p * = (p cos θ − sin θ) / (p sin θ + cos θ) . Then, the stresses and electric displacement in the polar coordinate system due to the concentrated dislocation can be expressed as
Lb, (4.8) where
The expressions for the remaining stress components σ 22 , H 32 , and D 2 can be found from the following three conditions: 5. Electric-elastic eld for a straight dislocation in a 1D hexagonal QC For 1D hexagonal QCs, the linear constitutive equations take the following form [3] :
31 E 3 , σ 22 = C 12 ε 11 + C 11 ε 22 + C 13 ε 33 + R 1 w 33 − e (1) 31 E 3 , σ 33 = C 13 ε 11 + C 13 ε 22 + C 33 ε 33 + R 2 w 33 − e (1) 33 E 3 , σ 23 = σ 32 = 2C 44 ε 23 + R 3 w 32 − e 1), (2.6), (3.4) and (5.1) , the matrices Q, R, and T in the Stroh formalism can be determined as
15 e
15 −κ 11 
15 0 0 0 0 for the generalized displacements, we also observe that while the stresses are also either symmetric or antisymmetric about the coordinate axes, the contour curves in the stresses are more complicated than those in the displacements.
From Figs. 1 and 2 , it can be seen that the dislocation in phonon eld has great inuences on the displacements and stresses in the phason eld and electric eld.
The phonon, phason, and electric elds are all coupled together. We also mention that many other cases of dislocations in 1D QC can be calculated by simply chang- 
Conclusions
Based on the generalized Stroh formalism, the electric--elastic eld induced by the straight dislocation parallel to a periodic axis of a 1D QC is given in this paper.
The derivation is simple and straightforward so that the generalized displacements and stresses can be easily calculated. As a numerical example, the electric-elastic eld in a 1D hexagonal QC due to a straight dislocation is investigated. The results show clearly the coupling eects among the phonon, phason and electric elds. We also mention that the Stroh formalism can also be extended to the more complicated dislocation problems in other QCs.
